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INTRODUCTION

It has been established that many polynuclear
aromatic hydrocarbons (which will be referred to
as PAH) are carcinogenic to animals and probably
to man. This review will focus on their occurrence,
significance in, and passage through the water
environment, which represents a possible danger to
man in terms of widespread exposure to PAH,
Literature was reviewed for the years 1968
through the first half of 1973 as an updating of an
earlier comprehensive review by Andelman and
Suess,! -which covered the literature prior to 1968,
and to which the reader should refer for additional
information.

Most of the studies on the incidence of PAH in

the water environment have been carried out in
Europe. The most comprehensive investigations on
the sources of PAH, their spread in the environ-
ment, - and the efficacy of various treatmerit
methods have been done by Bomeff and his
associates in the German Federal Republic. Soviet
investigations, principally by II'nitskii and Shabad,
have concentrated on effluents from various
manufacturers as one of the main sources of
pollution of water bodies by PAH.

In a recent review article, Shabad and I'nitskii®
pointed out that, although the amount of PAH a

" tnan may consume from heavily polluted water is

only about 0.1% of the amount he consumes in
food, carcinogenic PAH from water can accumu-
late in various aquatic organisms, including fish,
some mollusks, and edible algae. Water used for
frrigation may also affect the level of carcinogenic
PAH in vegetable foodstuffs.

Jhe need to establish hygienic standards for
carcinogenic compounds has been given more
attention in the last few years. Shabad® states that
“without waiting for the complete elucidation of
mechanisms of blastomogenesis or even the solu-
tion of the problem of the action threshold of
carcinogens, everything should now be done to
establish maximum permissible doses and concen-
trations of individual carcinogens, taking account
of the nature and duration of contact with them.
The PAH are the first priority.” Similarly, the

-most recent edition of the World Health Organiza-

tion European Standards for Drinking Water
(1970)* recommends that “for the safety of

_consumers, the concentration of PAH should not

exceed 0.2 ug/l.” It further recommends that there
should be at least one center in each country
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carsying out investigatians of PAIL in
ater, and that more research into theiy
snd impostance In drinking wates Is
The most recent (§962) United States
Alth Service standards for duinking water
ention PAHL. flowever, a recent publice- -
ihe Nationsl institute of Environmentsl
sk Force® states: “Some matesisls which
terways are knuwn (o be carcinogenic to
mals. Others may have physiologicel
of which we are currently unaware. The
contaminanis should be identified and the
wical significance of the concenistions
n the environment 'delumln;d. Also the
ogical significance of she hefesogenous
“g ) li:ey exist in water should be

led.”

The following review will deal with the per
tinent physicochemical properties of PAR, their
analysis, origin, sousce, and fransport in the
envitonment; thelr presence fn envirohmental
waters, thels removsl or destruction by varlous ’
freaiment processes, snd the possible health
consequences ta man of PALL in the water envisone

" ment. The emphasis will bs on 34-benzpyrens,

one of the most earcinogenic of the PAN,

PHYSICOCHEMICAL PROPERTIES
AND ANALYSIS OF PAH

The chemical structures of two typlcal PAH are

ufoliows: ..

Typical polynuclear sromatic hydrocubons

oy

3.A-benzpysene

A-Benzpytene (BP) fs ublquitous in the
-onment and one of the most potent of the
inogenic PAH. Consequently, it has been the
1 studied. §,2.5 6-Dibenzanthracene (DBA) bas
been identified as 8 very potent cascinogen
1 2-benzanthracene  (BA), 3 Abentlluoren-
ne {(3,4-BF), 10,1 1-benzfluoranthens
11-BF), chrysene (CH), 9,10-dimethyl-1 2-
ranthracene (DMBA), lndeno (1 2.3-¢d) pyrene
_ Ymethyicholantheene (MCA), and 1,2-
rpysene (1,2-BP) have been shown to possess
inopenic propersties.
l:e g:\\-o :'osrimpmhnl propesties influencing
incidence of PAI in water a1¢ thefr solubility
stability. Thele high molecular weight and lack
polar substituent groups make. them. very
'uble In water. The solubflity of BP In clean
[ wates ot tap wates was found to be spproxl-
ety 0.01 pp/t o
:)e{pn. ‘::i low solubility of PAH, their
sence in environmental waters can be increased
the sction of micelles formed by synthetlc
n&eﬁu and by the .action of oﬂ:ﬂ sofuble

- Centrmmentel(  of

¢)
Joee

1.2,5 6-dibenzanthracene

ic ounds. The presence of surfactants in
:h?:‘mg:u:lplo to SO mg/l increases the solubility
of BP fsom two to ten times.! However, as noted
by Andelman and Suess,! the concentration of
surfactants In nstoral and treated watprs rarely
weaches 2 high enough concentiation to affect the
solubility of BP. Suiface active sgents in the
_ concentrations from 0.1 to 1.0 mg/t do not show
any effect on BP solubllity.® Drinking water
standards typically pesmit only 1.0 mg/l of surface
ctive agents.
* l‘he:':I concentrations from 1 to 50 mg/l do
not have any effect on BP solubility,® but the
sddition of caffelns 10 water increases bath the
wolubility and rate of BP going into solution, as the
caffeine concentration is increased from 0.01 l?
0.10 molf13 In thelr review, Andelman and Suess
noted that other studies showed that lactic acid,
scetone, and ethy! alcohol increase the solubility
of BP In water, The poalbltllln Cﬂt‘:l ::;l o::::
anis compounds presen poliuted w
:;ld also lo‘::bmﬂ‘lu BP. Finally, highly polluted
waler containing. esnulrions of organie solvents

. N ‘
l.y

wovld be capable of containing relatively farge
smounts of Bp.* )

Studies have alto shown that BP cun be sorbed
and conceutated on activated carbos, calearcous
material, silica, glass, and soil particles. The
presence of these minerals and other suspended
and settled particles in natusal walers can also be
spurces of retatively high concentrations of BP.!

BP can be very stable In water and remualn in
solutlon aver Jong periods of time. Wanltskil et al.?
pesformed experiments using pond and lap water
with initial DP concentrations of §0 and 0.01 pg/l.
The 10 ught solution Is prepased by adding { m! of
scetone solution contalning 2 pg of BP {0 2 250 ml
flask, evapotsting the scelone, adding 200 mi of
tap or pond water, and mixing thoroughly. The

" 0.01 pgfl colution Is prepared by adding 10 mi of

acetone conlaining 0.0 pg/mi BP into 3 10§ jar,
filling the jar with pond os tap water, and mixing
thoroughly. Both sclutions are stored in the datk.
Alter  extracting the solutions with benzene,
quantitative analysts Is performed spectro-
fluorimetrically using Shpol's'kll's effect. Several
experiments showed that undecomposed BP could
stift be detected afier 35 (o 40 days 1o the extent
of § to 20% of the Initial concentration. At the
concenteation of 10 ug/l BP, only 10 to 15% of
the DI was destioyed in the fist few days..
Howeves, they found that at an Initlal concentra-
tion of 001 pg/l, almost 50% of the BP was
destroyed In 24 lu. They also found that the
decompotition took place mure tapidly in 0.02 N
potassium permanganate than ln pute lap water,
and in acld solution (pil 2.7) faster than In
sikaline (pH 11.6) and nevtral solutions (pH 6.7).

In other experiments, photooxidation was
found (o destroy 56% of the BP (present st sn
Inittal concentration of 0.1 g/l) In one day. In the
dark, the degradation was negligible, With the
addition of sodium sulfite, the decomposition of
BP was increased to 75% in both the presence and
sbsence of light.?-

In general, studies have shown (hat the higher
the tempemture, oxygen concentration, and light
hun'slly. the faster the rate of DP decomposh
ton,

The greatest problems encountered in the sna-

" lysis of PAH are their low concentrations and the

scparstion of PAH from other organics as well as
from each other. Preliminary techniques of extrace
tion snd concentiation with solvents such as

. benzens, pentage, aheptane, whexane, and w-

OCIING W% tosewme, - ... .
can be sources of eror because even the puicst of
sulvents containg traces of PALL Fedonin et af.'® .
noted that these traces may affect the ultimate
analytical results because these preparatory tech-
niques of separation and concentsation involve the
use of lsrige amounis of solvents which, when,
evaparated, could contain considerable amounts of
PAH. 1t Is, thetelore, imperative that a blank .
cotrection be made ln procedures using large!
amounts of even chemically pure solvents. |

. Column, liquid, papes, and thindayer chromato-| .
graphy sre the most frequently used methods for!
the sepasation of PAH, followed by quantitative'
snalysis using ultraviolet-visible absorption spectra-.
and fluorescence spectra. Several studies that
demonstrate the methodology for the examination ;
of a wide variety of water and wastewater samples ;
will be mentioned in the following paragraphs.

Paper chromatography of a mixture of PAl has *
been discussed, in which the minimum detectable |
amount on a chromatogram was 0.026 pg BP, -
0.022 pg 20-methyl-cholanthiene, and 0.062 pg - -
BA.'' Schloz and Altmann'? detected 107 o @

107" g/mi of BP in wates by fluowescence
specitoscopy, afier a tenfold ensichment by ex-
traction with cyclohexane, 8 100-fold envichment
by evaporation of the extract, and a subsequent
separation by thin-layer chromatography.
o Bomeff'? described & method 1o be used
routinely for the examination of PAIS in dsinking
water and ground water (o sssess the efiiciency of -i
8 surface water purification plant. The Word
flealth Organtzation® recommends this procedure
for the detesmination of six PAH in diinking water
fo sssess the presence of carcinogenic PAN in
drinking water. Another method is described by
Jaeger and Kassowitzova'* that can detect BP in
drinking water at a concentration as fow as 0.20)
s/l Siddiql and Wagner® ¥ describe 2 method for
the determination of BP sad 3 4-BF in rain waizs,
ground water, and wheat using extraction witiy
benzene, saponification with 2 ¥ KOU, separation
by elther column or thindayer chromatography,
detection with ulteaviolet light, and photometric
determination. .

The determination of PAH in polluted surface
waters can be particularly difficult because of the
presence of large quantities of organic cbmpounds
and the very low concentrations of PAH. Samples
from (he Charles River Basin (Boston,
Massachusaits) wese anslyzed for PAH and othes
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ompounds using computerized gas chro-
1y, mass spectrometry, snd high pressure
tomatography.'® Keegan'? describes a
developed for the delermination of PAI
uls per trillion sange. and utilized for
vérs in Connecticut.
‘rial effluents are one of the major sources
contamination of surface waters. Esshova
1s'® detected and quantitatively deter-
A in petrochemical effluents by & variant
spectioscopic-fluorescence  method. A
is described for the determination of 8
of several PAH in wastewaters using
r chromatography on alumina and fow
lute spectral luminescent analysis.!®

il and Thiella?® used gss chromato

lo0 do simultaneous qualilative and quanti-
alysis of aromatic hydrocarbons, including
1 phenols in industrial wastewatens.

IGIN, SOURCE, AND VEHICLES
OF TRANSMISSION OF PAH

the purposes of the following discussion,
m “origin” will refer to the formation of
nd the term “source” will refer to the
or material in which PAH can concentrate
m which they can be disseminated to the
ment. Industrial effluents, domestic ef-
. precipitation, stmospheric fallout, and
water are the vehicles of transmission of

ind Source of PAN{ - .

site theis Jow solubility and stability
PAH are ncvertheless ubiquitous in the
ment. To understand this, it Is necessary to
¢ the origin of PAH.

strial operations engaged In the pyrolytic
ing of organic raw materials, such ss coat
lroleum, form PAIl when the process is
out st high temperatures (e.g., 700°C), as
ed to the formation of paraffins, cyclopar-
olefins, and phenols at lower temperatures
o 450°C). The consumption of these
ic products (coal tar, coal tar pitch,
t) can also produce PAH.

e of the industeial operations that produce
e the preparation of acetylene from natursl
’2 the pyiolysis of kerosene to benzene,

. dnd other organic solvents,?? .the pyro- -

f wood,}* manufacture of electrolytic al-
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uminum using graphite electrodes,'' coke
* production,’® gas production from petroleum,?®

the production of synthetic alcohol,’® and ol
refinery operations.?*?° .
The combustion of fuels by automobiles, als-
planes, and boats involves the production of PALL
The source of PAH In the Chades River (Boston,
Massachusetis) was thought to be sutomobile
exhaust condensate washed from the streels
directly into the river by ralnfall.'® Studics of soll,
snow, and vegetation samples taken in the vicinlly
of a Moscow aliport have been shown (o contain
lasge quantities of PAIL®* Significantly larger

. smounts of BP were found it a Moscow reservofr

with high boat traffic than s similar resesvoir with
low boat traffic.?® Carbon black, used In the
manufacturing of aulomobile tires, containg PAH
and consequenily the wear of tires on the soad can
be sources of PAIL Asphalt used in road construc-
tlon contains PAH that could also be s sousce of
contamination.'

The presence of PAH in remote, nonindustrial-
fzed areas naises the quesiion of the endogenous
formation of PAH by plants and microorganisms.
Bomelf et al.,*’ using the technique of labeled
catbon asimilation, conclugively demonsteated
that PAH can be synthesized by planis. Dacleria
and phytoplankton are slso cspable of producing
PAHN. The appeasance of DP in in vitro cultures of
thee strains of marine phytoplankton was corol-
lasy to the sppearance of a mixture of serobic
bacteris. The addition of antiblotics (o inhibit
bacterial growth slso prevented the formation of
BP.’* Forest solls sterilized at 120°C and 170°C
and seeded with either Clostridium putride ox

Escherichla coli contained significantly larger

amounts of BP sfter standing al room lemperaturs
for six months.’® The possibility that bactetia are
capable of synthesizing BP {s supported by the fact

that compounds similar to BP have been found in -

the intestinal region of many anlmals where
various types of bacteria are also found. Hydrocar-
bons of the BP lype are found in all organs,
particularly the liver, kidneys, spicen, and lungs.?®

The Clippeston Atoll Lagoon in the northeast
Pacific Ocean s not located near any source of BP,
yet its waters were shown to contsin 3.3 to 4.0
pgh of BP.2? Uowever, its water Is rich In
phytoplankton and marine bacterds, which scems
to confirm the possibility of the blosynthesls of
BP in a marine environment.?®

Finally, §1 should be snoted that, slthough no

A

PAN have been isulated from uncracked crude oil,
the possibility exists that they contain trsces that
could be sousces of PAII 10 environmental walers.
The fact that largs quantities of such ol are
present in marine waters (it is estimated that one
million meiric tons are lost in the ocean during
fransport alone) and can accumulate in varions
marine organisms suggests that more research be
done on this potential source of PAILY?*®

Vehicles of Transmission of PAH

Industrial effluents cany PAIL Into recelving
walers and existing methods of treatment gen-
enally do not reduce their PAH content. Effiuents

" from industries engaged in the thermal processing

of mineraf fuels are one of the largest sources of
PAll contamination of surface waters. Most of the
quantitative studles of PAH In industrial efMuents
have been done by Soviet authors. Ershova and
Mints'**¢ found BP and BA In efMuents from
industries engaged In the production of gas from

petroleum and In the production of synthetic

'
_ TABLE ) _
. PAH Concentration bn Industrial Effluents®
: ' B? )
Tndustry Soures of maste wates n(u::;)nﬂu

Shalo-oll Afes trestment fos dephonelination  2-320 '
Cokeby-products  Notindicated . Present 3

After blochemical irestment 12-16

Alter oll sepatation 6.5. 130, 230, .
(5 samples) 290, and “big" 5
" quantity .

Bpent gas liquor Very small 3

o . Quantity - {
. Coke ot oligm Before dischargs o sewer Not indics
. ted® .
 works. Before discharge 10 sewes 1,000 snd 340° B

. (2 planty) : i
Oligas works Aftes oll ssparation (3 samples) 3,6,a04 30

Oll refinesy Aftes oll saparation (3 mmples) - None detected

Te papes . Net Indicated Present 3
Acatylens Not indicated ' 15-100 E
Ammoatum sulfste ATiss cooling and seitling About 10° F .-

*Other PAH also present
*Taken from Andelman snd Suess.®

sicohol. Samailovich and Redkin* investigated
efflucats fiom oil rcfineries and concluded that
they were the sousce of BP pollution of 1he
Sunzha River. Brshova’® detected BP in efituents :
(rom several oi) sefineries along the Volga River. ;e
River samples taken below the refinesies and &
sand sample from the filter of a waterworks |
located downstieam all contained BP. The results ¢ :
puint to the tefinery effluents as the sources of the
BP contamination. The amounts of PAIl found in {
I

_ typical effluents are summarized in Table 1. ]

Since municipal wastes often contain farge -
amounts of industrial eMuents, they can transport |-
PAIL into surface waters. -Run-off water passing B
over roads, plants, and soils carrles PAI into the
sewage system. In addition, human urine has been |
thown to contain BP.' Table 2 lists some concen- |
trations of PAH found In domestic wastes.

The amount of BP emitted annually into the
stmosphere of » large Industrial city has been
estimated to"be 30 to 40 kg.?® Substances |
polluling the air are eventudlly deposited by

T T e ot g T T e
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TABLE?

PAN Concentration in Domestic Efflvents® - ' - .' .
. Concentration (ugfl)
: * Caiclnogsale
Source 1 4 PAN Total PAR
Domestic effluent 0170 30 1590
fsom a small commu-
) nity sftes primary
¢ treatment
Wasle effluents en- |
tesing Rotach Rives: ,
Sample § 0.01$ [ ¥ ] (X}
Sample 2 0.047 it 1.7
Sample 3 : 0079 10 66
Sample 4 0.100 (- X [X]
. Sample $ 0.038 R 0.3 08
Waste effluent of 0.100 X 159
~ Stockach-
Waste effluent of 0.368 3 ] .6 .
Radolfzell :
Waste elfuent of
Hegne:
Sample | 0.00} :; 2.:
Sample 00tl . . A
S:mple 3 1.840 ny 873
Sampic 4 04350 ns (1 ¥ ]
Vegetable cold wash o
waley . . ]
S.amvh 1 1.60 8.1 283 .
¢ Samplel : 1.02 $8 u-‘l. ; .
. ) _ : :
_ Urine from Parls B 5 ] - - ’ ' :
Inhabitanis . :
(4 amples) .
. ’
Sewage of Ltningnd Present - -
‘Sewage, final eff- Present 0.13-1.30 -
Tuent {4 plants8 R
samples) H
Studpe from second- Presant Peosond -
ary trestment !
(humus)
Humus, dried 3,000 . :- -
1
;

*Taken from Andelmon ond Spess.” -

ral precipltation or fallowt directly into sur-
waters or onto plants and soil where they cin
uried by run-off into surface waters. Due to
ndogenous formation of PAl, “backround™
of PAIL Is present in most soils. After an.
uive study of soil samples in remote areas of
ta, Shabad et al.?® concluded that BP concen-
»ni pf S to 10 pp/kg of soil are not unnatural
; msociated with exogenous contamination,

*CRC Cviticel Revirws by l_mw Control
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while concentrations of | to 2 pg/kg sre typically
backsound Jevels. The same authors found ss much
83 220,000 pg of BP/kg of soil in the vicinity of an
ofl refinery. Shcherbak?® found that vegeiation
samples taken within 300 m of the “nefltegaz”
plant in Moscow contained BP In concentrations
varying from 0.6 to 3.9 pug/kg of dried imaterial,
and that most soil samples (akea 3,000 m from the
plant still contained quantities of BP higher than

. .
v
i
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the gencral backiound level for the diy of
Moscow. Studies have also shown that PAIL can be
concentsaled in deeper soil layers and hence also
contaminate the ground wates.?®

PAll have alo been found In snow samples

taken In the vicinity of a Moscow sirport,** on
the grounds of a timber-chemical plant,?* and in
varlous areas of a large industrial city (Moscow).*?
Siddiql and Wagner'® ahso found levels as high as
0.3 pg/l of BP and 3.1 pg/l of 3,4-BF in rain water.

PAHIN
ENVIRONMENTAL WATERS .

For the purpose of this review, environmental

. waters will be divided into four different cate-

gories: 1) marine waters, 2) surface watess, includ.

ing flora, favna, and sediments, J) ground waler,
and 4) drinking water. .

The' most extensive studics of PAH in the
marine environment have been done by Mallet and
hs co-workers. They made systemalic studies of
the Allantic, Ghannel, and Meditesranean coasts of

. France, the Bay of Naples, lhiy. and the western

coast of Greenland. BP was found 1o be present in
almost all samples of plankton, algae, fauna, and
sediments In the sreas studied. Even the remote
areas off the coast of Greenland contained on the
- average the same concentrations of BP as areas

" along the French coast, thus indicating the

ubiquity of BP in the marine eavironment. The

- results of Mallet’s siudies we summarjzed by

Andelman and Sucss.!

As noted previously, large amounts of crude oll
are Jost to the ocean each year. The possibility
that marine organisms can concentrale and fix
hydrocarbons could account for thels reunu in
some marine oiganisms. Lee et al.'® analyzed

* several Qish, including anchovies and smelt, from
the oil polluted San Diego Bay and found BP in
smounts ss high as 10 pg per fish, as well as lesser
amounts of other PALL (average diy weight of each
fish varied from 2 fo 10 p). Lee et al.*? slso*
observed that the marine mussel Mytilus edulis
fapidly tovk up BP from seawates solutions snd
retained significant amounts even after being
placed In clean seawates. Blumer,*® while studying
the longterm effects of an oil spill In Buzzards
Bay, Massachusetts, found toxic stomatic hydro-
carbons stlll present in edible shelllish 2 months

, Ofter the oll spill, Fish (Carassius auratus) feeding

food ¢ alning BP were found 10 metabolizs

and eliminate BP very slowly with residucs left ir:
the liver, gonads, and muscles of the fish mose -
than 2 days after the administration of DP was .
halted.*¢ P
- The presence of BP In the tidal mud of Sain:
Malo Bay was Investigated by Mallet et al.** and
found to vary seasonally in BP content due to the:
action of anaerobic bacteria which synthesize BP .
and the aeroble bacteria which degrade BP. The
presence of DP in the waters of Clipperton Atoll. .
Lagoon was. also twought to be due (o the
combined action of anaeroble and aerobic bac-: .
teria.’” BP found in Allantic phytoplankton in! .
the Greenland to Gascoity Guif areas was thought -
to be synihesized from the lipids of plankion by
bacteria.® The source of most of the PAH in the
marine environment i probably due to endo-;
genous sources tather (han to exogenous sources,
such as surface waters from highly polluted areas. *
Other studies have revealed the presence of BP
in wide zones of the Adriatic but only during the
estival season.*™**® Studies conducted by!-
Greffard and Meury*? “in the Toulon Harbor .
showed PAH concentrations varying between 9.0 :
and 284 pg/100 g of dried slime, and BP concen- |
trations varying from 3.0 to 4.0 ug/100 g dry. ;
weight in washed mussels. )
Considerable quantities of PAH can be carried * -
into surface waters by domestic sewage, industiial |
efMuents, and storm water run-off from 1oads and ¢
contaminated fand. The maximum amount dets:-
mined in any of these sources has been 133 up/l.*° [
The presence of PAH In areas remote fiom any -
exogenous sources also confitms s natural level of ¢
PAH In surface watess. 1l"nltski et al.** concluded |
that this level did not exceed 107* 1o 10~ pg/l of |
BP. for surface watess, 1 to 2 pg/kg of BP for !
bottom sand, and S pg of BP per kilogram of dry |
matter fos algae and higher plants. Levels inexcess ;-
of these amounts can be taken as indications of "
environmental pollution by man. ’
Hlighly polluted waters are conducive to the |
preservation of PAH in surface wates. The Sunzha
River in the USS.R. is heavily polluted with
detergents, benzené, ether, and oils, their concen-
trations ranging f1om,96 to 350 mg/l. As would be
expected, Investigations carsied out by
Samollovich and Red'kin?® showed high BP
concentrations at greal distances downstream from
industrial outfalls (0.07 to 1.06 ug/l at a point 28
km downsiream (rom the lowest outfall).
Laborstory experiments conducted by Suess,*®

y . oy B



1 conditions similar to the Ohio River
iburgh, Pennsylvania), showed that BP degra-
¥ in natural waters depends on solar lllumins-
. lemperatuse, and dissolved oxygen
tatrations. In polluted waters with high
idity, BP would degrade very little In suspend-

iolids and probably not at all in bottom

nents. BP degradation In surface watess s also
td to flow velocity and susface area,
dilovich and Red'kin?® found that the higher
Now veldcity and the greater the suiface area,
faster the degradation of BP.
AH concentrations in the suiface water
ronment are very high, essentlally due to
genous polfution. Typical concentration sanges
summarized in Table 3 and the results of some
nt studies are summarized in Tables 4 snd S.
acontaminated ground waters show the
st concentrations of PAH of all natuval
ers. Concentrations will generally not exceed
5 pgh.'? Siddigi and Wagner'® reported find-
0.0% to 0.03 pg/l of BP and 0.08 to 0.6 pg/l of
‘BF in ground water sarmples.
Borneff and Kunte'? noted that concentrations
1o 0.10 pg/l of PAII are found In drinking
er. They concluded that valyes between 0.1S
| 0.20 g/l demand an examination of the water
itment facilities, and water containing PAH ln
ess of 0.20 g/l should be refected for human
isumption. The World Health Organization
'opean Standards for Drinking Water,* adopted
1970, also states that concentsations of PAH in

excess of this amount are not sale fos human
consumption. Studies summarized by Andelman
snd Suess' show that, in general, the total

carcinogenic PAH in diinking water do not exceed

0.025 pg/l.

EFFECT OF WATER AND
WASTEWATER TREATMENT ON PAH

Since considerable portions of the PANL present
In untreated waters ase sssoclaled with particles,
separation processes such as sedimentation and
filtsation with sand or activated carbon can be
very effective In reducing PAH concentrations,
The highest removal (98.5%), reposted by
Bomeff,'* was accomplished in a flocculation
plant, which used a3 & primary step fesrous sullate
and chlotlne, followed by ozone aud fesric chlo-
ride, and then sand filiration. The purified water
had a PAH content similar to ground water.
Reichert et al.’® found that primary and second-
ary sedimentation of sewage reduced the PAI by
80 to 90%. Further treatment with synthetic
flocculants, followed by filtration through ac-
tivaled carbon, yields a water with PAH concentra-
tion similer to ground water. Lawerenz®® found
that treatment of waler from the Elbe River in
flocculation tanks was effective in reducing PAH
concentrations.

Mechanical separstion processes will have very
little effect on dissolved PAH. W'nitskii®? con-
ducted expesiments using BP concentrations fa the

TABLE 3

" Jyplest Concentration Rangss of BP snd PAI te Various Predh Susface Waters
Conceateation (xg/) L
uldaosnhf Toid

Source [ 4 PAN : PAN Refersnce
Rhine River 003-0.11 601-073 @ . 0.13-150 Andeimsn ond
ot various T i Svens’
points ’ H
Various Germsh 0.001-004 004-130 |  0.12-33 Andelman and
pivers . " : Buess’
One American 0.078-0.150 - ! - Koegan'" - _
rives
Rivers tecelv- 0.0001-12 - g - Andelmanand +
ing efflueats p Suess,! :
fsom induy- H Esshova,*® and
tries that ] Samollovich .
. ate sources { ond Red'kln"® .
(u of PAR ! ' . .
L] H .
i
i

. -
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Soutco
Moscow reservolis,

" slightly potluted

Volga Rive: below dis-
charge site of o)
refinery

Pkov replon, remote
fiom exopenous sources
of BP

Sunrha River, 3-4 km

- downstzeam from dis

charge sies of pet- -
toleum refinesy
23 amples)

Suntha River, 25 km

downstream from lowes} .

dischasge site of pet-
Joleum refinery

Oyster River, Conn,, US,

Sample §
Samplo 3
Sample 3

" IABLE S

nalionof BP ln lace Waters

BP concer.tration
agh Refetencs
4-13 IFnlukil snd Roshkow®® °
0.0001 Eshow® - '
10~ 10 Wnitekli o1 2
, 008-38' Samollovich and Redklo"*®
0.07-1.06 Samollovich and Red'kin **
Keegan'? ’
0.018 L. -
0.128 -
. 0.1%0 -
TABLE S

Concentistion of BP in Surfsce Wates Eavironment

Rublevskoye Reservoly
Plankion -

Bottom tand
Pond weeds

Khimkinskoe Reservols

Plankton
Boltom sand
Pond weeds

Botlom sediments of
Suntha Rives, 3-4 k;m

°, downstream from diy
charge site of refimery -

Bottom sediments of

SunthaRiver 2 km .

downsiream f1om dis

charge site of refinery
8t tn Moscow Ressrvels
\
Pukov region, remots

of BP
Algae

- Bottom cand

fiom exogenous sonrces . -

BP concentration -
rgixg
dry matgrh Reference
. Maliskii et al.??
0.7-13 { el
“ j ‘-
0.6~2.7 c -
" Welikietal?
. 79-88 -
390-500 " -
1.7-318 -
92190 . . Samoliovich sod Red'kia®®
T  Samalorich sad Redlia
]
19-50 Waitskil and Rozhkove®® .
Enhon®® '
s T -
-3 -
L L e
e - . [ ) &

LRI T T T cen e = v

ser vrucr v

O

s




TABLE G

Efficiency of Varlous Combinations of Water Teea MR

Low Concentrations of BP*

v

. Numbes of
Process . oxperiments
Standing
(precipitation)
Flocculation ¢
standing
Flocculation ¢
filtsation ln
pilot-plant
installation

-l w & *

*Taken (rom i'nitskit.”*

that they are usually found under natural
fons to test the efficacy of mechanical
tion processes. lie found that the techniques
igated reached theiv practical limil at low
ntrations since the techniques were designed
nove suspended, not dissolved, matler. This
ns results summasized in Table 6 which show
t the same cffectiveness for simple standing
[ flocculation followed by standing.
Augical treatment Is very ineffeciive In re-
ig any PAIl from contaminated watess. A
sg study, conducted by Malaney et al.’*
'd  that aclivated sludge treatmenl of
stic sewage from Nashville, Tennessee, was
¢ to effect any significant removal of PAH by
cidative mechanism wilhin noimal detention
. Any reduction of PAH in the sewage was
to adsorption by °the activated sludge.
va’* found that effluents from s petro-
ical plant still contained up to 1.7 pg/) of BP
.6 pgl of BA even after being subjected to
iemical purification in aseration tanks.
ki et a).?" also found that biochemical
ent, steam dephenolization, and extraction
butylacetune do not achieve the complete
valinn of PAH In effluents.
e contamination of surface and ground
s with PAI{ snd compounds thst may solu-
PAHl makes It necessaty to Investigate
ds for the elimination of dissolved PAH
potable waters. Since mechanical methods
1 able to e move dissolved PAH, oxidation s
ally impostant. Studies on the efficacy of
fion, UV and gamma irradiation, chlosina-
and trestment with ClO, have been carried

* CRC Oriticel Reviews in rrbes sl ol
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1

» to Eliminste .
Inftlal BP
. concentration,
| n 10-* “ mhw.'
TR s4at6
£ X 629
16 . N

2 89s)

;
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oul by WNnitskil, Ershova, Shabad, Reichert,
Gsabovich, and thelr associates (Refesences 7, 27,
57, and 59 to 66). Their resulis indicate that
ozonalion Is the most effective treaiment for the
reduction of PAH in water, followed by treatment
with ClO;. The other processes studied were for

. the most part inefTective In significantly reducing

PAH concentrations using normal rates of applica-
tion and detention times. The efficacy of ozone
may be reduced by the presence of other organie
compounds. BP was found to be the most sesistant
of the PAll to treatment. Some lest sesulls are
summarized in Tables 7 and 8.

Since BP can be peesent in water in elther &
dissolved state or sorbed onto particles, 11'nitskil et
al.®" camied out experiments using BP sortbed
onlo sol} particles. The results indicate that the BP
sotbed onto soll particles are more stable than
dissolved BP. One minute’s confacl with ozone
nactivated 61% of the dissolved BP bul only 33%
of the sorbed BP; 2% min conlact destroyed all the
dissolved BP but only 60% of the sotbed DP,

In order to deliver diinking water to consumers
with the lowest possible concentration of PAN,
Bomeff** recommends the use of flocculation,
ozonation, filtration, and adsorplion on sctivated
chascoal for 1aw waters conlaining 0.1 to 1.0 pp/l
of PAH; and thal raw waters contalning over 1.0
pg/l of PAH never be used even after purification.
I'niiskii®? concuded that by using ozone rather

than chlorine and UV luadiation, a 100-fold -

greater reduction of BP could be sccomplished.
For dissolved BP and othesr PAH, ozonation Is

_ necessary (o deliver water practically freo of

carcinogenic hydrocarboss to consumers.

i

C  mtration of liydsocabons Aftes One Minute of Contact with Ozone®

TABLE?7

lydiocarbon Mean Resddual, & | .
3.4-Benpyrens (BP)
Pyrene (PY) ::
1,2-Benzanthsacens (BA) 43
1.2.3.6-Dibenzanthracens (DBA) s
9,10-Dimethyl-1,2-Bermanthracens (DMBA) ’ °
*Taken from Wnitskil of of.*?
°  TABLES
Comparstive Sisbilities. of Chitaln Polysydlic Aromstic Hydcocudoas
Redistion snd Oz0ne® . : e ©w
Concentration of
undecomposed .
. hydrocarbon (%) after .
UV bnndlatios Ozoninat)
. Hydrocarbon for 60 min for l:l:.
3.4-Bennypyreno (BP) ' '
v Pyenc(PY) - :: ::
1,1,5 6-Dibenzanthrucens (DBA) L} 36
Perylene , n -
1,3-Benzanthracens (BA) 1] 43
. 1,12-Benzperylens 1 Tes C -
9,10-Dimethyl1,2-beneanthracene (DMBA) 1] 0
*Taken from itk ot oL*
Walers distribuled to consumers are ususlly TABLE S

used foc the preparation of food. Studies carried
out by Waitski et al.’ showed that the bolling of
Waler conlaining 0.0002 to 0.002 g/l of BP for
60 min destroyed most of the carcinogen. The
mll.s of this experiment are shown in Table 9.

HEALTH CONSIDERATIONS
' OF PAH IN
. THE WATER ENVIRONMENT .

There Is no epidemiological evidence to prove
that PAH in diinking water are selated (o the
Incidence of cancer. Also, as stated by W'nitski)
and Shabad,? the amount of carcinogenic PAH
consumed by man In water is typically only 0.1%

. of the smount he consumes from food. Neverthe-

less, sccumulation of PAH In edible urntle
RISY]

. Organisms can greatly lacrease this smount.?

Effect of 60 Minuts’ 8 4
v phrpeney oiling on BP Dissolved ta Water ot

BP concentaation, ugn

pHof  Numbesof
water  expesknents  Inithl After boiling

7 4 0001 0,0,0,0.0002

o k) 0.0002 0,0.0

6.3 4 0.002 0, 0, 0.0002, 0.0002
HE ] 4 0.002 0, 0, 0.00095, 0.0002
*Taken from INnitskii gt L.

The use of contaminated water for jnrigation can
also spread PAH into other foodstuffs.?

Shabad® urges that everything possible be done
lo establish maximum permissible doses (MPD)
and maximum permissible concentrations MPQ)
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individual carcinogens, with first priority being
n 1o the PATL, most notably BP. He reported
tne such cffort based on the intragasitic
inistration of a gradually diminishing series of
; of BP and ubserving whether or nol cancer
induced. These experiments were used to
blish doses which did not produce cancer. On
basis of these data and taking into account the
'ezences in body weight and organ susface areas
yats and humans, they calculsted that the MPC
BP in waler should not exceed 0.0003 pghl,
ich for all practical purposes is zcro. Even
1gh this type of approach may be controvershl
far from peifect, Shabad emphasizes the need
more experiments in this direction, including
lumpl:ccnlal influence on succeeding geners-
1s.
Andelman and Suess’ discussed anothes con-
st of MPC in water in which Il was suggesied
it the amount of carcinogens taken up by man
drinking water should not exceed 1/10 of the

lerial taken up from nosmal urban alr. Using

s concept the MPC for water would be 0.017
1. Based on an average daily consumption of 2.5
T drinking water, this comes out to 1S pg/year
J about 1 mg in a lifetime. The 1970 World
atth Olganinllou European Standards for
mkmg Wates* recommends a concentration of
11 not exceeding 0.2 mjl

Andelman and Suess' made calculations based
four samples of drinking water to determine an
sual human consumption of PAH to be about 6,
22, and 70 pg for the populations served by
te water supplies.

Drinking water-Is not the only source of PAH
! humans. They are also found in smoked and
isted foods, in vegetables, and plant fats and

Is. as well as being breathed i fiom the'

mosphere. Bomneff*’ wams that human ex-
wre to PAH from all these sources could result
a yearly uptake of carcinogens at levels which
sse catcinoma in animal experiments. The
nount’ of carcinogenic PAH consumed from
inking water Is probably not dangerous. Never-

.
-

‘. lacmmnumummml'm

. theless, in combination with othér sources It

cannot be excluded as a possible hazard, especlally
since snimal experiments indicate that repested

exposure (o carcinogens Is more effective In

producing cancer than an equivelent single dase.

CONCLUSIONS

The following conclusions can bs drawn (rom
reviewing the lllm!uu:

1. The significance of traces of PAH in

drinking water to human health §s nol yel
known.

2. BP and other PAIl are very Insoluble In

waler bul can be solubilized by detergents, oils,
and other orgenic compounds. In most cases,
howeves, the concentrations of detergents are not
high enough to affect PAII solubilitles. .

3. BP can be very stable in water and is one
of the most carcinogenic of the PALL

4. With the present emphasis on water poliu-
tion control, atiention should be given to reducing
the amounts of carcinogenic PAH discharged to
surface walers.

§. Conceatrations of PAH In uncontami-
nated ground watess generally do not exceed 0.05
pg/l. Higher concenteations are found in surface
and marine waters. Efforts should be made to
determine the sources of the contamination of
walers, especially when they may serve as sources
of diinking water.

6. Mechanical separation processes, Islolod-
cal treatment, UV irradiation, and chlorination aré
nol successful In removing enough carcinogenie
PAH from drinking wates. Ozonation and C10,

‘appeat to be the most promising methods of

effectively destroying PAH In drinking water.
7. The genenally higher concentiations of

PAH In polluted waters suggest that (hese com -

pounds may have utility as indicators of pollution.
8. §t would be prudent 1o establish MPD and
MPC for PAH in drinking water. ,
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